The ever increasing demand for higher rates of data transfer has led to a significant research effort in the area of all optical communications. It is widely believed that the low cost and availabillity of certain types of self-pulsating laser diodes means that these devices will 'play a major role in all optical subsystems. The potential for optical clock extraction and clock distribution b'y the synchronization of a self pulsating laser diode (SPLD) has already been demonstrated [ 1,2]. In this paper we have used a standard model for a SPLD to examine the dynamics of the laser when an optical synchronizing signal is applied and how the synchronization is effected by changes in the optical input signal. Th~s allows us to assess their potential for use in optical clock extraction subsystems and to optimize the laser operating conditions for low bit error transmission.
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Self-pulsation occurs in compact disk (CD) lasers under normal dc biasing condtioris due to saturable absorption [3] . The optical field in the electrically pumped active region of the laser expands and overlaps the neighboring unpumped regions, which act as a distributed sahirable absorber. Self-pulsation occurs when the electric field overlaps a large enough portion of the saturation absorber. Carrier diffusion and gain guidmg can also play an important role !in the process. The photon and carrier dynamics of such a laser can be described using three rateequations [3] . Two equations govern the rate of change of the carrier density in the central ,active region and the neighboring absorbing regions, while a third equation governs the rate of change of the photoin density in the laser cavity. We have previously used ths kind of calculation to successfully predict the behavior of the both electrical and optical synchronization of a coimpact disk (CD) self-pulsating laser diode [4, 5] .
In order to be able to read each data bit in an optical data signal the receiver must know the precise time at which to detect if the signal is '0' or '1'. The receiver must therefore produce a periodic signal of exactly the same frequency as the data stream which can trigger the detector. If a periodic optical signal is applied to a free-running SPLD then providmg the power of the optical signal is sufficient and the difference between the applied and free running SPLD frequencies is not too great, the laser output will synchronize to the applied signal. We have investigate:d the possibility of synchronizing a SPLD to a received data stream and using the synchronized ouqput of the laser diode to generate a clock in order to trigger the decision making process on each datal bit.
First we investigate the effect of the application and removal of the optical synchronising signal on the dynamics of the CD laser output. Typical results are shown in figure 1 where a 24332 optical signal is applied at pulse 20 and removed at pulse 100. We have plotted the instantaneous frequency versus the pulse number; the instantaneous frequency being the inverse of the time bsetween successive pulses which allows us to monitor the laser output frequency on the pulse to pulse level. It is clear that when the optical signal is tumed on, the frequency of the SP is modified to the input frequency. When the applied signal and laser output pulses are unsynchronised the system cannot make a decision about any data bits received and so this gives an indication of how many redundant pulses must be sent before the data can be transmitted. We will outline our previous work [4] showing that a phase difference (time delay) exists between the input signal and the output pulse which is dependent on the input power and frequency detuning. The consequences of this phase difference on the performance of clock extraction sub system will be outlined in this presentation.
In figure 1 we show that when the synchronizing optical signal is removed the SPLD reverts back to it's free running pulsation frequency w i h a couple of pulses. htially this would suggest that the laser can no longer be used to successfully produce a clock for the read process. Figure 2 shows the instantaneous phase difference between the input optical signal and the laser output after the synchronizing signal is removed at pulse number 100. We see that when the signal detuning is very small, the phase introduced between the signal and laser output is reasonably small thus avoiding read errors. This over simplifies the problem somewhat and we hghlight what are the optimal properties of the data signal for efficient clock generation.
The effect of the detuning between the signal and free running self pulsation frequencies can be clearly seen in figure 1 . In &IS presentation we will also demonstrate that increasing the power of the input signal reduces the time it takes for the laser to lock to the synchronizing signal which is desirable in order to reduce errors in clock extraction systems. We also identify a problem with acheving lock when the input signal is too powefil and so a precise operating signal power must be identified. Finally we including noise sources in the model and simulate the synchronization of a self pulsating laser diode to a pseudo random data signal in order to perform a full bit error calculation for the data signal using the clock generated by the laser diode. Our investigation enalbles us to make reccm"mdations about the properties of the data signal relative to the laser output in order
